Abstract: Glycosylated hemoglobin (HbA1c) is a critical measure of glycemic control, which may be a reliable predictor of complications after percutaneous coronary intervention (PCI). This systematic review and meta-analysis evaluates the association between HbA1c levels and clinical outcomes in diabetic patients after PCI.
INTRODUCTION

D
iabetes mellitus (DM) has long been recognized to be an independent risk factor for cardiovascular disease (CVD). 1 The public health impact of CVD in patients with diabetes has reached epidemic proportions. 1 Despite recent improvements in medical management and coronary revascularization, 2 a recent WHO report showed that CVD accounts for approximately 75% of all hospital admissions and approximately 80% of deaths in DM patients. In addition, DM patients undergoing percutaneous coronary intervention (PCI) admitted with acute myocardial infarction (AMI) are more likely to develop stent restenosis, and also major adverse cardiovascular events (MACEs), and have worse clinical outcomes compared with non-DM patients undergoing PCI. 3 It has been established that glycemic control can impact the clinical outcome in DM patients after PCI. For example, several clinical studies found that admission hyperglycemia (plasma glucose) is associated with increased short and longterm mortality in DM patients with AMI. [4] [5] [6] However, acute stress during AMI at admission can alter glucose metabolism, causing hyperglycemia after an increased catecholamines surge. Thus, these measurements are unstable and unpredictable. 7 Because of these limitations, chronic abnormal glycometabolic state assessed by blood glycosylated hemoglobin (HbA1c) was utilized to predict the prognosis in DM patients with AMI. HbA1c is a stable marker of long-term blood glucose control, which can reflect the average blood glucose concentrations over the previous 8 to 12 weeks. It is potentially a better prognostic marker of long-term outcome than other glycometabolic parameters reflecting exclusively fasting, postprandial, or incidental glycemia in DM patients. 8, 9 Previous studies have examined the potential association between HbA1c and clinical outcomes among DM patients after PCI. 7, [9] [10] [11] [12] [13] [14] [15] [16] However, these surveys were inconclusive and sometimes even contradictory, due to the facts that the majority of studies only enclosed a small sample size resulting in inadequate statistical power to elucidate a positive association or a lack of an association. To overcome this limitation, metaanalysis can be used to synthesize information from varied investigations on the same issue. Hence, we here performed a meta-analysis to evaluate the effects of HbA1c levels on cardiovascular outcomes in DM patients after PCI. To the best of our knowledge, this study is the first meta-analysis to assess the association between HbA1c levels and the progression of clinical outcomes in DM patients after PCI.
METHODS
This systematic review and meta-analysis was conducted and reported according to Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) (Supplementary Table 1 ; http://links.lww.com/MD/A991).
Data Sources and Searches
Relevant studies were obtained from the Pubmed, Embase, and Cochrane Library databases (dated to December 2015). The main search terms were a combination of Medical Subject Headings terms and text words for DM, HbA1c, cardiovascular outcomes, and PCI. The detailed search terms are shown in the Supplementary Figure 1 (http://links.lww.com/MD/A981). All the articles, including conference abstracts, were reviewed. All literature management was performed using Endnote X7 and all references in retrieved articles were scanned to identify other potentially available reports.
Study Selection Criteria
We included studies that evaluated HbA1c levels and clinical outcomes in diabetic patients after PCI, which were published up to December 2015. The study selection criteria were as follows: studies that measured HbA1C levels; studies that investigated the association between HbA1C levels and cardiovascular outcomes, including MI, target vessel revascularization (TVR), target lesion revascularization (TLR), in-stent restenosis, heart failure, cardiac death, cardiac rehospitalization, stroke, and all-cause mortality; total numbers of the cases and controls could be obtained from articles directly or calculated based on the figures or tables. Study titles and abstracts were initially screened independently by 2 reviewers, and full articles on potentially relevant studies were downloaded and reviewed for inclusion. Disagreement between the 2 reviewers was settled by discussion with a third reviewer. Three reviewers discussed and decided on the final inclusion of studies for this meta-analysis (JZ, JC, and XHX) ( Figure 1 ).
Data Extraction
Data extraction was performed independently by 2 reviewers (JZ and JC). The following information was extracted from published reports using a standardized protocol and reporting form: last name of first author, year of publication, study design, country of origin, number of enrolled patients, subject characteristics at baseline (age, sex, body mass index, smoking status, hypertension, dyslipidemia and MI, concomitant medication, follow-up duration, and rates) and clinical endpoints. Absolute numbers were recalculated when percentages were reported. Disagreement was settled by discussion with a third reviewer (XHX).
Quality Assessment
Study quality was evaluated systematically by the Newcastle-Ottawa Scale (NOS) (http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp). This system has been developed in which a study is judged on 3 broad perspectives: the selection of the study groups (0-4 points), the comparability of the groups (0-2 points), and the ascertainment of either the exposure or outcome of interest (0-3 points). Disagreement on the score was resolved by discussion with a third reviewer.
Assessment of Bias Risks
The risks of bias in the included studies were assessed according to the recommended methods of the Cochrane handbook. We evaluated selection bias (including random sequence generation and allocation concealment), performance bias (blinding of participants and personnel), detection bias (blinding of outcome assessment), attrition bias (incomplete outcome data), and reporting bias (selective reporting). Two authors (JZ and JC) independently assessed the risks of bias. Disagreement between the 2 reviewers was settled by discussion with other 2 reviewers (QZ and XHX).
Data Synthesis and Analysis
Difference was expressed as odds ratios (ORs) with 95% confidence intervals (CIs). The statistical significance of OR was ascertained with Z-test, and P < 0.05 was deemed to be statistically significant. The Cochran Q test and I 2 test were all performed to judge the heterogeneity among the studies included in this meta-analysis. Heterogeneity was also considered to be significant at P < 0.1 for the Q statistic. I 2 values of 25%, 50%, and 75% corresponded to low, moderate, and high levels of heterogeneity, respectively. 17 Applying the fixedeffects model or random-effects model depended on the degree of heterogeneity among studies. If there was no evidence of statistical heterogeneity between studies, then a fixed-effects model was used. Otherwise, the random-effects model was adopted. 18 Sensitivity analysis was carried out by successively excluding the low-quality studies to assess the stability of the outcomes. 19 Potential publication bias was assessed by visual inspection of the funnel plot, and an asymmetric plot suggested possible publication bias. 20 Statistical analysis was done using RevMan 5.3 (Nordic Cochrane Center).
RESULTS
Studies Included and Participant Characteristics
The selection process of potentially relevant studies is shown in a flow chart (Figure 1) . A total of 436 relevant records from electronic databases were identified and 284 were kept after removing duplicates. Thirty-nine potential studies were further reviewed after reading the titles and abstracts. Finally, 8 studies that reported HbA1c levels for a total of 3290 DM subjects after PCI were included in the final metaanalysis. 7, 9, [11] [12] [13] [14] [15] [16] The characteristics of the included studies are presented in Table 1 . These studies were performed in 5 countries (Iran, Japan, Turkey, Poland, and the United States). The mean follow-up duration was about 1 year and the followup rates of 7 studies were more than 95%. The enrollment sample size ranged from 142 to 952 subjects. Of the 8 studies, 6 studies indicated that ''good-control group'' was defined as DM patients with mean HbA1c 7%, and ''poor-control group'' was defined as DM patients with mean HbA1c >7%. 7,9,11,13 -15 The remaining 2 studies showed that the cut-off point of HbA1c
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was 6.9% and 6.5%, respectively. 12, 16 The 8 studies were mostly with a NOS score of 7, which improved the quality of this meta-analysis. 21 
HbA1c Levels and Cardiovascular Outcomes
MACEs and All-cause Mortality
Five studies assessed the effect of HbA1c levels and MACEs in DM patients after PCI. 11, 12, [14] [15] [16] No significant association was found between HbA1c levels and MACEs among DM patients after PCI (OR 1.02, 95% CI 0.83-1.27). The heterogeneity was moderate (I 2 ¼ 59%, P ¼ 0.05; Figure 2 ). Five studies assessed the effect of HbA1c levels and all-cause mortality among DM patients after PCI. 9, 11, [14] [15] [16] No significant association was found between higher HbA1c levels and allcause mortality (OR 0.73, 95% CI 0.52-1.02). The heterogeneity was very low (I 2 ¼ 0%, P ¼ 0.41; Figure 3 ).
TVR and Nonfatal Myocardial Infarction
Target vessel revascularization was characterized by ischemia-driven percutaneous or surgical revascularization of the treated vessel. Five studies evaluated the effect of HbA1c levels on the development and progression of TVR among DM patients after PCI. [11] [12] [13] [14] [15] Comprehensive integration and analyses revealed a significant correlation between higher HbA1c levels and the risk of TVR progression (OR 1.36, 95% CI 1.03-1.82). The heterogeneity was low (I 2 ¼ 0%, P ¼ 0.74; Figure 4 ). Three studies assessed the effect of HbA1c levels on the risks of nonfatal MI among DM patients after PCI. 12, 14, 15 The analysis revealed that HbA1c levels were significantly associated with the risk of nonfatal MI after PCI (OR 2.47, 95% CI 1.38-4.44). The heterogeneity was low (I 2 ¼ 36%, P ¼ 0.21; Figure 5 ).
Cardiac Death and In-stent Thrombosis
Furthermore, considering that cardiac death is a severe complication after PCI, 4 studies were included to assess the effect of HbA1c levels and cardiac death among DM patients after PCI. 7, 12, 15, 16 There was no significant association between HbA1c levels and the risk of cardiac death (OR 1.12, 95% CI 0.62-2.03). The heterogeneity was very low (I 2 ¼ 0%, P ¼ 0.40; Supplementary Figure 2 , http://links.lww.com/MD/A981). As part of mechanical injury response, in-stent thrombosis is mainly caused by the effects of vascular smooth muscle cell proliferation and migration, which can occur lately over several months at the location around stent struts by a chronic inflammatory phase. 15 Two studies were included to assess the effect of HbA1c levels and in-stent thrombosis among DM patients after PCI. 11, 16 No significant association was found between HbA1c levels and stent thrombosis (OR 0.65, 95% CI 0.23-1.87). The heterogeneity was also very low (I 2 ¼ 0%, P ¼ 0.43; Supplementary Figure 3 , http:// links.lww.com/MD/A981).
Sensitivity Analysis and Publication Bias
To further reinforce our observations, a sensitivity analysis was performed by consecutively excluding individual studies. For HbA1c levels, the corresponding summary ORs were not significantly changed, indicating that our results were statistically robust (detailed data not shown). Funnel plot was designed to visualize a potential publication bias. Funnel plots' shape of all studies did not reveal obvious evidence of asymmetry, suggesting that no publication bias was observed among studies with pathological indicators. 
Risks of Bias Assessment
The risks of bias assessment of the 8 included studies were summarized in Figure 6 . The methods of sequence generation and allocation concealment were used to minimize selection bias in 4 of the studies. 9, 11, 13, 15 For attrition bias, 4 studies had high follow-up rates and attrition bias was considered to be low risk of bias. 9, 13, 15, 16 In the other 4 studies, follow-up rate was unclear and judged as unclear bias. 7, 11, 12, 14 In the included studies, reporting bias was not considered to be a major problem, yet it remains difficult to evaluate it sufficiently.
DISCUSSION
Diabetes mellitus is a well established risk factor for CVD. To date, HbA1C level assessment is probably the best indicator of long-term glycemia control. Some studies have demonstrated that high HbA1C levels are associated with increased risks of cardiovascular events in DM patients without a history of coronary artery disease. 22, 23 A meta-analysis enrolling 33,040 participants reported that a 0.9% decline in HbA1c level was associated with a 17% decrease in MACEs during acute coronary syndrome in DM patients. 24 Furthermore, a scientific statement from the American Heart Association and the American Diabetes Association have recommended for the benefit of glycemic control during cardiovascular disease. 25 However, relatively few studies have investigated the prognostic potential of HbA1c levels in DM patients after PCI, and reported results are conflicting and inconclusive. Therefore, the optimal HbA1C target in DM patients is a subject of ongoing controversy that may be especially important for DM patients with PCI.
In our meta-analysis, 8 studies regarding HbA1c levels and clinical outcomes in DM patients after PCI were selected. Our analysis revealed a significant correlation between higher HbA1c levels and the risk of TVR progression (OR 1.36, 95% CI 1.03-1.82) and nonfatal MI (OR 2.47, 95% CI 1.38-4.44) in DM patients after PCI. However, no significant associations were observed between HbA1c levels and MACEs, all-cause mortality, cardiac death, or in-stent thrombosis. There are several possible mechanisms to explain the associations 
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Medicine Volume 95, Number 19, May 2016 between higher HbA1c levels and poor clinical outcomes of TVR and nonfatal MI. First, increased HbA1C is a measurement of previous poor glycemic control, and metabolic memory phenomenon 26 suggests that diabetic cardiovascular diseases can occur even after good glycemic control has been established. Second, there is evidence that chronic hyperglycemia can induce vascular endothelial cell damage, with resultant vasomotor dysfunction, excessive extracellular matrix formation, and increased cellular proliferation, 15 which can lead to TVR and nonfatal MI after PCI. Third, higher HbA1C levels were associated with some baseline factors, such as dyslipidemia, which can increase the susceptibility to poor cardiovascular outcomes. However, we found no significant associations between HbA1C levels and MACEs. The definition for the MACEs varies among studies, which would be a potential reason for explaining this nonsignificant relationship between HbA1c levels and MACEs. Further studies should be performed to specify the relationship between HbA1c and specific component of MACEs. These data suggest that good glycemic control to obtain lower HbA1c levels may be beneficial in reducing the risks of TVR and nonfatal MI in DM patients undergoing PCI.
However, there are several limitations that should be considered. First, the number of studies and subjects in the studies selected for this meta-analysis were limited. This might limit our statistical power to estimate the associations between HbA1C levels and clinical outcomes. Therefore, a larger size of cohort studies should be needed to acquire a more dependable conclusion. Second, the general follow-up duration is short, ranging from 9 months and 1 year. Thus, a limited follow-up period is 1 potential reason explaining the lack of significant associations between HbA1C levels and all-cause mortality in DM patients. Therefore, studies with longer follow-up duration will be needed. Third, the studies included in this meta-analysis did not consider DM duration, which would be one of the important factors to affect any outcome. DM duration should be taken into consideration in future studies. Fourth, medication history for DM (insulin and oral hypoglycemic agent) and CVD prevention (such as statins, renin-angiotensin system blocking drugs, and beta-blockers) was not accounted in each study, which will influence the clinical outcomes of diabetic patients after PCI. Fifth, publication bias is a major concern in systematic meta-analysis. Most studies are inclined to report positive outcomes, whereas the studies with negative results are often unpublished. In our present study, no evident publication bias was identified. Nevertheless, it is worth noting that the language of published and eligible studies in this meta-analysis was limited to English, which may cause publication bias due to absence of other language studies that met our inclusion criteria. Other limitations inherent to the available literature are the observational nature of studies and the type of the diabetes in some studies.
To the best of our knowledge, our study is the first metaanalysis to assess the prognostic role of HbA1c levels in a population of DM patients after PCI. Despite of the above limitations, this systematic analysis was statistically more convincing than any previous single study. Our meta-analysis strongly suggests that HbA1c levels might be a potential risk factor for TVR and nonfatal MI in DM patients after PCI. In conclusion, our study supports the notion that HbA1c level, a parameter of long-term glycemic control, plays an important role in the prognosis of DM patients undergoing PCI. Meanwhile, to better assess potential associations between HbA1c levels and clinical outcomes among DM patients after PCI, a standardized system, and also interventional studies will be critical to assess the associations between therapies that reduce HbA1c levels and prognosis in DM patients after PCI. Moreover, additional studies should explore the physiopathological mechanisms of HbA1c level and its effects on clinical outcomes.
